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Summary. Sporocysts of Sarcocystis suihominis obtained from human feces
were used to infect swine. Heart, tongue, and skeletal muscle from experimentally infected and noninfected control swine were fed via stomach tube to
nonhuman primates including chimpanzees (Pan troglodytes), rhesus
monkeys (Macaca mulatta), and cynomolgus monkeys (Macaca irus). All
primates fed infected swine tissues shed sporocysts beginning 13 to 15 days
postinfection and were still shedding sporocysts at the conclusion of the
experiment, 30 days postinfection. Rhesus and cynomolgus monkeys were
fed infected swine tissues a second time and shed sporocysts. All primates
remained in good health throughout both experiments and exhibited no
unusual clinical signs as a result of infection.

Introduction
Sarcocystis suihominis has an obligatory two-host life cycle. Sporocysts are shed
in the feces of humans (definitive host) who have ingested uncooked pork
infected with cysts containing mature zoites; sporocysts from humans initiate
development of schizonts in endothelial cells of blood vessels in swine (intermediate host) and subsequently, development of intramuscular cysts (Heydorn, 1977 a).
Sarcocystis hominis has a somewhat similar life cycle, except that humans serve
as the definitive host and cattle (Bos taurus) as the intermediate host (Rommel
and Heydorn, 1972). Baboons (Papio cynocephalus) and rhesus monkeys (Macaca
mulatta) may also serve as definitive hosts for S. hominis (Heydorn et aI.,
1976). The present study was conducted to determine whether nonhuman primates could serve as definitive hosts for S. suihominis.
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Materials and Methods
Sarcocystis suihominis sporocysts of human origin were shipped from Berlin, Germany, to Belt iII
Maryland, USA. They were less than 6-months-old when swine were orally inoculated.
sv e,
Four purebred Hampshire swine from a .c1osed breeding herd maintained at the Animal P
.
to logy Institute were raised in isolation from carnivores and fed only grain. They were 2_1 / mara:
?Id when t~e ~xperiment began. Each pig was h~used. in an ~ndividual concrete pen in an ~ncl:~~
Isolat~d bUl~dmg. Two swme were eac~ fed gr~m mixed ~Ith an aqueous suspension of 100,000
S. sUlhomzms ~porocysts: two other swme r.emal~ed as. unmfected controls. One infected pig and
one control pig were killed 130 days postmfectlOn With sporocysts. The remaining swine w
killed 167 days postinfection. Pieces of heart, tongue, and skeletal muscle from each pig were
fixed in 10% neutral buffered formalin. Histologic specimens were prepared and examined :~
croscopically for the presence of intramuscular cysts of S. suihominis. Larger pieces of heart, tongu I
and skeletal muscle from each pig were ground in a meat grinder. The ground heart, tongue,
and skeletal muscle mixture from each pig was placed in a separate plastic bag and refrigerat~
until fed to primates (less than 24 h later).
All primates were 6- to 8-year-old male laboratory-adapted animals that had never been fed
meat. All were housed in individual cages in isolation rooms; they were fed pelleted monkey
chow and fresh fruit. In an effort to determine whether S. suihominis zoites in the swine were
infective, all primates were sedated by intramuscular injection with ketamine HCI and received
a bolus of 25 to 50 g of ground meat via stomach tube. All were observed daily during each
experiment to determine their general health. In Experiment I, one of two chimpanzees (Pan
troglodytes), two of four rhesus monkeys (Macaca mulatta), and two of four cynomolgus monkeys
(Macaca irus) received meat from the experimentally infected swine; the remaining rhesus and
cynomolgus monkeys received meat from the control swine; the remaining chimpanzee did not
receive any meat (Table I). Feces were collected daily, and sugar-flotation specimens were examined
microscopically for 31 consecutive days, beginning on the day of infection.
In Experiment 2, the rhesus and cynomolgus monkeys that received infected meat in Experiment 1 again were given infected meat via stomach tube on two consecutive days (37 and 38 days
after receiving meat in Experiment 1). These monkeys received ground heart, tongue, and skeletal
muscle from a pig killed 167 days postinfection. Rhesus and cynomolgus monkeys that had served
as controls in Experiment 1, again received ground tissues from an uninfected pig. One rhesus
monkey (jf 1) was killed 48 h after receiving the first infected tissues (and 24 h after receiving
the second infected tissues) in Experiment 2; a necropsy was performed and tissues from all organs

Table 1. Infection of primates with Sarcocystis suihominis from swine
Primate

Chimpanzee
(Pan troglodytes)

Identi- Inoculated
fication or control
No

Sporocysts shed on postinfection days'

1
2

Inoculated
Control

13, 14, 19,20, 22, 24, 28-30 Not performed
None shed
Not performed

Inoculated

Killed 2 days
postinfection
2, 3, ~~ 8, 1~ 11, I~ 17
None shed
None shed
None shed
2-18,20,21, 23, 24, 26
None shed
None shed

Rhesus monkey
(Macaca mulatta)

Experiment I

2
3
4

Inoculated
Control
Control

13-15, 17,19,20,
22-24, 27, 28, 30
13, 14, 23, 28
None shed
None shed

Cynomolgus monkey I
(Macaca irus)
2
3
4

Inoculated
Inoculated
Control
Control

15, 17, 19, 20, 22, 28, 30
IS, 17, 19, 20, 22-24, 28-30
None shed
None shed

Experiment 2

Days after initial infection in each experiment with ground tissues, on which sporocysts were found
in primate feces
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'ere fixed for histologic preparation. Feces were collected daily from all remaining monkeys for
beginning on the first day of infection, and examined microscopically as
before.

;7 consecutive days,
Results

swine tissues that served as a source of S. suihominis infection for primates
in Experiments 1 and 2 were heavily infected (Fig. 1).
In Experiment 1, all primates that received infected swine tissues became
infected and shed sporocysts in their feces; none of the controls shed sporocysts
(Experiment 1 in Table I). The prepatent period in the chimpanzee and rhesus
IIlonkeys was 13 days, and the prepatent period in the cynomolgus monkeys

Fig. 1. Numerous mature cysts of Sarcocystis suihominis in skeletal muscle of an experimentally
infected pig 123 days postinfection. Hematoxylin and eosin stain. 60 x
Fig. 2. Sporocyst of S. suihominis in primate feces. Phase contrast, 1,750 x
Fig. 3. Sporulated sporocysts of S. suihominis (arrows ) in lamina propria of small intestine of rhesus
monkey 38 days postinfection. Hematoxylin and eosin stain. 600 x
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was 15 days. All species shed sporocysts intermittently, and were still shedd'
sporocysts when the experiment ended on postinfection day 30.
lUg
In Experiment 2, sporocysts were shed by one of two rhesus monkeys and
one of two cynomolgus monkeys that received infected swine tissues; control
did not shed sporocysts (Experiment 2 in Table 1). Sporocysts were first she~
two days after infection. Both species shed sporocysts intermittently, and sporo_
cysts were still being shed by the cynomolgus monkey when the experiment
was terminated 26 days postinfection. Fifteen sporocysts from pooled feces
measured 14.8 (13.0~17.0) x 11.2 (JO.5~12.5) 11m (Fig. 2). Macrogametes and
sporocysts were found in the subepithelial lamina propria in histologic specimens
from the small intestine of the rhesus monkey killed 48 h after receiving the
first infected tissues in Experiment 2 (Fig. 3).
Neither infected nor control primates exhibited any change in behavior or
in food consumption in Experiments 1 and 2, appearing healthy throughout
both experiments.

Discussion

Results of the present study extend the range of definitive hosts for S. suihominis
from Homo sapiens alone (Heydorn, 1977a; 1977b) to Pan troglodytes, Macaca
mulatta, and Macaca irus. Clinical symptoms, including abdominal distention
anorexia, nausea, stomachache, dry heaves, diarrhea, vomiting, dyspnea, and
rapid pulse, resulted when three persons ate raw pork containing S. suihominis
(Heydorn, 1977b). No clinical signs were observed in primates that received
swine tissue infected with S. suihominis in the present experiment. However,
the three persons in Heydorn's study each consumed 150 g or more of raw
pork, whereas primates in the present study received only 25 to 50 g; however,
because pork in one study may have been more or less heavily infected than
in the other study and because we do not know the number of cysts or zoites
that either humans or nonhumans ingested, interpretation of the degree of
pathogenicity of S. suihominis for these hosts is difficult. However, one must
also consider another possible explanation for the pathologic effects in humans
but not in monkeys. Humans that exhibited symptoms a few hours after ingestion
of infected meat may have had an immediate type hypersensitivity reaction.
These volunteers were habitual raw meat eaters, whereas the monkeys had
never been fed meat.
Outside of their natural habitat the role of nonhuman primates in perpetuating S. suihominis infections in swine is probably nonexistent, or at best, extremely
rare because of the infrequency of association between these primates and
swine and because captive primates do not usually eat meat. In nature, there
is circumstantial evidence that a swine-nonhuman primate cycle could have
evolved. Baboons and chimpanzees have been observed eating meat (Goodall,
1963; Napier and Napier, 1967). In the Gombe Stream Game Reserve in
Tanganyika, chimpanzees attack and kill fairly large animals (Goodall, 1963).
Whether they deliberately hunt for meat or merely make opportunistic kills
is undetermined, but raw meat is only an occasional dietary supplement (Goo-
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dall. 1963). Chimpanzees were observed eating monkeys, a young bushbuck,
and a young bush pig (Goodall, 1963). Thus, apparently, through carnivorism
in nature, there is an opportunity for intramuscular organisms such as S. suihominis to be transmitted from swine flesh to the digestive tract of nonhuman
primates. Evidence for possible transmission from nonhuman primates to swine
in nature has appeared quite recently. In attempting to explain the infrequent
recovery of primate remains in paleontological studies, Galdikas (1978) observed
that the entire contents of the body cavity of an orangutan (Pongo pygmaeus)
corpse less than 12 h old had already been consumed by Bornean bearded
pigs (Sus barbatus). Galdikas also cited circumstantial evidence from Gombe
that baboon remains were consumed by bush pigs (Potamochoerus porcus).
In addition to scavenging, pigs may be opportunistic predators; Galdikas (1978)
reported that a captive orangutan infant was devoured by a wild pig.
Sporocysts of S. suihominis obtained from primates in the present study
were larger than those obtained from humans (Heydorn, 1977 a). Sporocysts
measured in the present study were 14.8 (13.0-17.0 x 11.2 (10.5-12.5) Ilm whereas
those from humans were 13.5 (11.5-14.0) x 10.5 (10.0-11.0) Ilm.
The location of macrogametes and sporocysts of S. suihominis in the subepithelia I lamina propria of the small intestine observed in the present study parallels findings for Sarcocystis spp. in other definitive hosts including Sarcocystis
cruzi (Levine, 1977) in dogs (Heydorn and Rommel, 1972a; Fayer, 1974) and
Sarcocystis bovifelis in cats (Heydorn and Rommel, 1972 b). Neither microgamonts nor schizonts were observed in any of these studies. The finding of
macrogamonts 24 and 48 h after feeding swine tissues is consistent with previous
findings for other Sarcocystis spp. and indicates a second infection in Experiment 2. However, the finding of sporocysts in the same tissues suggests that
these sporocysts were present from the earlier infection (Experiment 1, started
39 days earlier). Sporocysts shed as early as on the 2nd postinfection day in
Experiment 2 further support the belief that sporocysts from Experiment 1 were
still present, because such an early shedding of sporocysts would be inconsistent
with the prepatent period in Experiment 1, which occurred 13-15 days postinfection. The slower shedding of sporocysts of Sarcocystis may result from their
location in subepithelial cells compared with the more rapid shedding of oocysts
of other coccidia from epithelial cells which normally have a short turnover
rate.
Acknowledgments. We express thanks to F.G. Tromba of the Animal Parasitology Institute (API)
for supplying the swine used in this study, and to D. C. Davis and L. T. Young of the API for
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